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(57) ABSTRACT 

A stereo digital camera Which generates a three-dimensional 
image or stereograph having one ?le structure, and records 
the three-dimensional image on a recording medium 
includes a stereo adapter having optical axes corresponding 
to parallax, an imaging lens for transferring an object image 
via the stereo adapter, and a single CCD pickup unit having 
monocular regions on Which the monocular images of the 
object image are projected by the imaging lens. TWo 
monocular region images from the monocular regions form 
one multocular stereo image, and are compressed as one 
image data. This image data is appended With header infor 
mation Which contains an item indicating that this image 
data is a stereo image, an item corresponding to the number 
of monocular images Which form the stereo image, and an 
item associated With addresses of the ?rst and second 
monocular images, and is stored in a recording medium as 
one ?le. 
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METHOD AND APPARATUS OF 
GENERATING THREE DIMENSIONAL 
IMAGE DATA HAVING ONE FILE 

STRUCTURE AND RECORDING THE 
IMAGE DATA ON A RECORDING MEDIUM, 
AND RECORDING MEDIUM FOR STORING 
THE THREE DIMENSIONAL IMAGE DATA 

HAVING ONE FILE STRUCTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from the prior Japanese Patent Application(s) No. 
2000-259490, ?led Aug. 29, 2000, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method and apparatus 
for generating a three-dimensional image or stereograph 
having one ?le structure, and recording the image on a 
recording medium, and a recording medium that stores the 
three-dimensional image data and, more particularly, to a 
method of generating a three-dimensional image or stereo 
graph having one ?le structure, Which alloWs to store data of 
a three-dimensional image or stereograph in one ?le, and 
alloWs processing of stereo image data for respective ?les, 
and recording the image on a recording medium, an appa 
ratus for recording the three-dimensional image data and 
recording the image data on a recording medium, and a 
recording medium that stores the three-dimensional image 
data. 

2. Description of the Related Art 
Various proposals have been made about a method of 

recording photographic information containing three 
dimensional information by taking photos of an object, and 
observing a three-dimensional image by reproducing the 
photographic information. Of such proposals, a so-called 
binocular type stereographic system Which records tWo 
images having parallax corresponding to that betWeen the 
vieWpoints of the right and left eyes of a person, and alloWs 
the user to observe the tWo images by the right and left eyes 
is knoWn. Since the binocular type stereographic system 
uses a photographing apparatus With a simple structure, it 
can provide a loW-cost photographing apparatus and repro 
duction apparatus, and alloWs effective observation of a 
three-dimensional image. Hence, the binocular type stereo 
graphic system has been utiliZed to date for so long. 

In this binocular type stereographic system, various dis 
play systems are available. For example, When many people 
simultaneously observe a large screen, a polariZing projec 
tion system that uses polariZing glasses, and a time division 
display system that uses shutter glasses are used. Since these 
systems are bulky and expensive, they are rarely used except 
for special business purposes. For so-called personal use, a 
stereoscopic vieW system that alloWs stereoscopic vieW of a 
stereo image pair as the most basic and classic method is 
knoWn, although the number of persons Who can observe at 
the same time is limited to one. Today, this system is still 
prevalently used as a very loW-cost system that can observe 
a clear image. 

The stereo image pair Will be explained in detail beloW. 
TWo images, i.e., an L image corresponding to an image 
observed When an object is vieWed from the left eye 
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2 
vieWpoint, and an R image corresponding to an image 
observed When the object is observed from the right eye 
vieWpoint are normally juxtaposed With a small gap, and 
When a person simultaneously observes these images, he or 
she can recogniZe them as a single three-dimensional image. 

As a simplest photographing apparatus of such images, a 
system that combines 35-mm single-lens re?ex camera With 
a stereo adapter has prevailed. In this system, tWo, R and L 
images are stored in practice in a single standard image 
frame having an aspect ratio of 3:2. Therefore, each of the 
R and L images, i.e., tWo images containing three 
dimensional information to be observed normally has a 
frame having an aspect ratio of about 3:4. 

In this speci?cation, tWo, R and L images Which are 
juxtaposed spatially, i.e., on an image plane, and contain 
single three-dimensional image Will be referred to as a stereo 
image pair. Note that the aforementioned practical con?gu 
ration (numerical values of aspect ratios and the like) is 
merely an example. But for the sake of simplicity, the 
folloWing explanation Will be given under the condition that 
the above practical values are taken as an example unless 
otherWise speci?ed. 

This stereo image pair has very practical features: 
(1) These images can be recorded, printed, transferred, 

and so forth Without requiring any special system. 
(2) These images can be directly stereoscopically 

observed as long as an appropriate condition is satis?ed. 
That is, no special apparatus is required upon observing a 
three-dimensional image by matching right and left images. 

Especially, in feature (2), “match of right and left images” 
is de?ned as a state Wherein R and L images are normally 
captured by the right and left eyes, and are recogniZed not 
as tWo different images but as a single three-dimensional 
image. In image match, the right and left images can be 
matched using a so-called “parallel vieW method” in Which 
the lines of sight are parallel to each other upon observation, 
as long as images are printed With an appropriate siZe (more 
speci?cally, the Width is slightly smaller than a value tWice 
the eye Width: 10 to 13 cm) and have a “parallel layout” (the 
L image is set on the left side, and the R image on the right 
side). The “parallel vieW method” is a method for observing 
a three-dimensional image by directly observing R and L 
images While maintaining the lines of sight nearly parallel to 
each other like in a case Wherein a person looks at an image 
Which is far aWay, Without the aid of any devices, although 
some practices are required in some individuals. Also, in 
image match, a “cross layout” in Which the right and images 
are juxtaposed, but their positions are replaced unlike in the 
“parallel vieW method” is available. In this “cross layout”, 
there is no limitation as to the printed image siZe, and 
three-dimensional observation is also directly attained by a 
“cross-eye vieW method” in Which the lines of sight are 
crossed. HoWever, since the “cross-eye vieW method” suf 
fers eye fatigue upon observation and unnaturalness (so 
called miniascape phenomenon) upon three-dimensional 
observation more than the “parallel-vieW method”, the par 
allel layout is more prevalently used. 

In either case, a stereo image pair Which has tWo large 
features: (1) system independence and (2) direct observation 
Will remain used since its value is projected to be reevalu 
ated as so-called media mix such as proliferation of the 
Internet, digital cameras, and the like progresses. 

Hence, the present applicant has proposed a technique 
associated With an observation method and apparatus 
(vieWer) Which give different shifts to R and L images so as 
to alloW easy high-quality observation With high natural 
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stereoscopic feeling using an SPM (Stereo Pair in 
Multimedia)) as a digital stereo image pair (Japanese Patent 
Application No. 2000-115357). In this technique, identical 
images are normally displayed on tWo display devices 
(monocular mode), but When an SPM is read out from a 
memory card and is displayed, right- and left-eye images 
undergo different shift processes by a stereo image pair shift 
processor, and image signals that have undergone the shift 
processes are displayed on the display devices as right- and 
left-eye images (stereo mode). With the shift processes, an 
L image of the SPM on the left-eye image side matches an 
R image of the SPM on the right-eye image side as one 
three-dimensional image, and a high-quality three 
dimensional image With high natural stereoscopic feeling 
can be easily observed. 

On the other hand, as a digital still camera (digital 
camera) that can sense a stereo image, a camera described in 
Jpn. Pat. Appln. KOKAI Publication No. 5-30538 devised 
by the present inventors is knoWn. In this camera, tWo 
imaging systems (lenses+pickup units) sense R and L 
images, stereo pair code data (data indicating a stereo image, 
L or R identi?cation information, and the like) are individu 
ally appended to respective images, and the sensed images 
are recorded on a recording medium, e.g., a memory. This 
camera is evaluated as an eXcellent camera Which can easily 
sense a stereo image. 

HoWever, the digital camera of the above reference suffers 
the folloWing problems. 

(a) Since tWo imaging systems are required, the camera 
indispensably becomes bulky and expensive. 

(b) Since the obtained stereo image is different from the 
SPM (stereo pair in parallel layout), it must be additionally 
converted into an SPM to obtain the SPM. 

If a conventional stereo adapter is combined With a 
general (single-lens) digital camera, it may seem that these 
problems (a) and (b) can be solved. HoWever, in this case: 

(c) No data that pertains to stereo as Well as data indi 
cating that the image are a stereo image is appended. 
Therefore, When normal tWo-dimensional (non-stereo) 
images are stored together With stereo images, their man 
agement becomes complicated. Also, it is impossible to 
automatically eXecute image shift processes upon reproduc 
tion in the vieWer of the above application. 

Especially, this problem (c) may be solved by appending 
stereo pair codes to image ?les that record R and L images. 
HoWever, such measure cannot be taken in practice since a 
conventional system that combines a single-lens pickup 
camera With a stereo adapter cannot process R and L images 
as independent images. 

In addition to the above problem, even When such stereo 
image can be recorded by some method, We have a problem 
resulting from the handling structure of such images as per: 

(d) When an eXternal stereo adapter is attached to the 
imaging system of a normal single-lens camera, phenomena 
of overlap of images, darkened image portion, and the like 
cannot be avoided due to attachment of the adapter. That is, 
When a small F value is selected, i.e., When the selected stop 
value is at the full-open side, as shoWn in FIG. 1A, R and L 
image may overlap each other. On the other hand, When a 
large F value is selected, i.e., the selected stop value is at the 
stop-doWn side, as shoWn in FIG. 1B, the portion betWeen 
R and L images is darkened. 

Furthermore, (e) one stereo image information is distrib 
uted to a plurality of image handling units (?les). Therefore, 
When such images are handled by a versatile recording/ 
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4 
reproduction apparatus or transmission apparatus, their ste 
reo pair codes cannot be recogniZed, and all these images are 
handled as independent images. As a result, only one frame 
of R and L images may be inadvertently erased or transmit 
ted. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method 
and apparatus for generating three-dimensional image data 
having one ?le structure, and a recording medium that stores 
the three-dimensional image data. 

Since three-dimensional image data generated by the 
apparatus and method of the present invention, and that 
stored in the medium have one ?le structure, even When such 
image data is processed by versatile apparatuses including a 
recording/reproduction apparatus and transmission 
apparatus, a plurality of monocular images that form a 
multocular type stereo image are alWays processed as a 
single ?le, and inadvertent transmission or erasure of only a 
partial monocular image can be prevented. 

According to the present invention, there is provided a 
data structure of a multocular digital stereo image ?le Which 
is formed by a plurality of monocular images of different 
vieWpoints, and is recorded as digital data, 

Wherein all image data including all pieces of image 
information of the plurality of monocular images, and stereo 
data as information Which pertains to a construction as a 
stereo image eXcept for the image information are insepa 
rably arranged in construction units of a single ?le. 

According to the present invention, there is provided a 
method of generating a multocular digital stereo image ?le 
Which is formed by a plurality of monocular images of 
different vieWpoints, and is recorded as digital data, com 
prising: 

image data generation means for generating all image data 
containing all pieces of image information of the plurality of 
monocular images; 

stereo data generation means for generating stereo data as 
information Which pertains to a construction of a stereo 
image eXcept for the image information; and 

image ?le generation means for generating a single digital 
image ?le by combining all the image data and the stereo 
data as the digital stereo image ?le. 

According to the present invention, there is provided an 
apparatus for generating a multocular digital stereo image 
?le Which is formed by a plurality of monocular images of 
different vieWpoints, and is recorded as digital data, com 
prising: 

image data generation means for generating all image data 
containing all pieces of image information of the plurality of 
monocular images; 

stereo data generation means for generating stereo data as 
information Which pertains to a construction of a stereo 
image eXcept for the image information; and 

image ?le generation means for generating a single digital 
image ?le by combining all the image data and the stereo 
data as the digital stereo image ?le. 

According to the present invention, there is provided an 
imaging apparatus comprising: 

a stereo imaging optical system for receiving light rays 
coming from an object at different positions corresponding 
to parallax, and guiding the received light rays toWard 
different regions of a pickup unit; imaging means for obtain 
ing an object image signal on the basis of the output from the 
pickup unit; 
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image frame setting means for setting a plurality of 
monocular image frames corresponding to a plurality of 
monocular images as building components of one multocu 
lar stereo image in an imaging area of the pickup unit by 
executing a predetermined trimming process of the object 
image signal; and 

stereo image generation means for generating a multocu 
lar stereo image having a predetermined data structure on 
the basis of a plurality of monocular images obtained in 
correspondence With the plurality of imaging frames. 

According to the present invention, there is provided a 
recording medium Which machine-readably stores a single 
image ?le having a data structure, Which comprises: 

one image data Which generates a single stereo image by 
?rst and second monocular images formed via ?rst and 
second optical axes substantially corresponding to parallax; 
and 

header information Which contains an item indicating that 
the ?rst and second monocular images are contained in the 
image data, an item indicating that the ?rst and second 
monocular images belong to a single stereo image, and an 
item associated With addresses of the ?rst and second 
monocular images, and is inseparable from the image data. 

According to the present invention, there is provided a 
method of generating three-dimensional image data, com 
prising: 

the image data generation step of generating ?rst and 
second monocular images by forming an object image via 
?rst and second optical axes substantially corresponding to 
parallax, and generating one image data corresponding to a 
single stereo image on the basis of the ?rst and second 
monocular images; 

the header information generation step of generating 
header information Which contains an item indicating that 
the ?rst and second monocular images are contained in the 
image data, an item indicating that the ?rst and second 
monocular images belong to a single stereo image, and an 
item associated With addresses of the ?rst and second 
monocular images; and 

the recording step of recording a single image ?le having 
a data structure that contains the image data and the header 
information Which is inseparable from the image data on a 
recording medium. 

According to the present invention, there is provided an 
apparatus for generating a three-dimensional image or ste 
reograph having one ?le structure, and recording the three 
dimensional image on a recording medium, comprising: 

image data generation means for generating ?rst and 
second monocular images by forming an object image via 
?rst and second optical axes substantially corresponding to 
parallax, and generating one image data corresponding to a 
single stereo image on the basis of the ?rst and second 
monocular images; 

header information generation means for generating 
header information Which contains an item indicating that 
the ?rst and second monocular images are contained in the 
image data, an item indicating that the ?rst and second 
monocular images belong to a single stereo image, and an 
item associated With addresses of the ?rst and second 
monocular images; and 

recording means for recording a single image ?le having 
a data structure that contains the image data and the header 
information Which is inseparable from the image data on a 
recording medium. 

According to the present invention, there is provided a 
stereo digital camera for generating a three-dimensional 
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6 
image or stereograph having one ?le structure, and record 
ing the three-dimensional image on a recording medium, 
comprising: 

an optical system Which has right and left optical axes 
nearly corresponding to parallax, and forms object images; 

a single pickup unit for generating one image data cor 
responding to a single stereo image on the basis of right and 
left monocular images formed thereon via the optical sys 
tem; 

header information generation means for generating 
header information Which contains an item indicating that 
the ?rst and second monocular images are contained in the 
image data, an item indicating that the ?rst and second 
monocular images belong to a single stereo image, and an 
item associated With addresses of the ?rst and second 
monocular images; and 

recording means for recording a single image ?le having 
a data structure that contains the image data and the header 
information Which is inseparable from the image data on a 
recording medium. 

Additional objects and advantages of the invention Will be 
set forth in the description Which folloWs, and in part Will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realiZed and obtained by means of the instrumen 
talities and combinations particularly pointed out hereinaf 
ter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate presently 
preferred embodiments of the invention, and together With 
the general description given above and the detailed descrip 
tion of the preferred embodiments given beloW, serve to 
explain the principles of the invention. 

FIG. 1A is a schematic plan vieW shoWing a state Wherein 
images overlap each other due to attachment of an adapter 
to an imaging camera; 

FIG. 1B is a schematic plan vieW shoWing a state Wherein 
images are darkened due to attachment of an adapter to an 
imaging camera; 

FIG. 2 is a block diagram shoWing the circuit arrangement 
of a digital camera according to an embodiment of the 
present invention; 

FIG. 3 is a schematic vieW shoWing the structure of a 
mirror type stereo adapter to be attached to the digital 
camera shoWn in FIG. 2; 

FIG. 4 is a schematic plan vieW shoWing image frames to 
be set in an imaging area in the digital camera shoWn in FIG. 
2; and 

FIG. 5 is an explanatory vieW shoWing the process for 
generating an SPM image by compositing R and L images 
and then generating an SGM (StereoGram in Multimedia) in 
the digital camera shoWn in FIG. 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention Will be describe in detail hereinafter 
by Way of its illustrated embodiment With reference to the 
accompanying draWings. 
A digital camera according to an embodiment of the 

present invention Will be described in detail beloW With 
reference to the accompanying draWings. 
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FIG. 2 is a block diagram showing the circuit arrangement 
of a digital camera according to an embodiment of the 
present invention. Referring to FIG. 2, reference numeral 
101 denotes an imaging lens system including various lenses 
to sense an image of an object; and 102, a lens driving 
mechanism for driving the lens system 101 in accordance 
With an object. The lens driving mechanism 102 drives the 
imaging lens system 101 to focus it on an object. Light rays 
re?ected by the object are de?ected toWard a CCD 105 via 
the lens system 101 and a stop included in an exposure 
control mechanism 103. The eXposure control mechanism 
103 also includes a mechanical shutter, Which is used as 
needed. In the eXposure control mechanism 103, the stop is 
adjusted to control light rays that pass through the stop, 
thereby controlling an eXposure amount. The light rays 
Which have passed through the stop enter a CCD color 
pickup unit 105 via a loW-pass & infrared cut optical ?lter 
system 104, thus forming an object image on imaging arrays 
of this CCD color pickup unit 105. The pickup unit 105 is 
driven by a CCD driver 106, and the object image on the 
imaging arrays is converted into an image signal. This image 
signal is processed by a pre-process circuit 107 Which 
includes a gain control ampli?er 107A for controlling the 
ampli?cation factor, i.e., gain of the image signal, an A/D 
converter for converting the ampli?ed image signal into a 
digital image signal, and the like. The digital image signal is 
processed by a digital process circuit 108 Which eXecutes 
various digital processes such as a color signal generation 
process, matriX conversion process, and the like, and is 
stored in a memory card 110 such as a CF or the like via a 
card interface 109. An LCD image display system 111 
displays an image on the basis of the image signal from the 
digital process circuit 108. 

Reference numeral 112 in FIG. 2 denotes a system con 
troller (CPU) for systematically controlling the respective 
units shoWn in FIG. 2; 113, an operation sWitch system 
including various SWs; 114, an operation display system for 
displaying the operation state, mode state, and the like of the 
digital camera; 115, a lens driver for controlling the lens 
driving mechanism 102; 116, an electronic ?ash that emits 
light upon sensing an image; 117, an eXposure control driver 
for controlling the eXposure control mechanism 103 and 
electronic ?ash 116; and 118, a nonvolatile memory 
(EEPROM) for storing various kinds of setup information 
and the like. 

In the digital camera according to this embodiment, the 
system controller 112 systematically controls the respective 
units. Especially, the system controller 112 controls the 
eXposure control mechanism 103 and CCD driver 106 to 
drive the CCD pickup unit 105, thus controlling eXposure 
(charge accumulation). Also, the system controller 112 con 
trols the CCD pickup unit 105 to read an image signal 
therefrom, Which is input to the digital process circuit 108 
via the pre-process circuit 107. The image signal undergoes 
various signal processes, and is recorded on the memory 
card 110 via the card interface 109 under the control of the 
system controller 112. Note that the CCD pickup unit 105 
may use, e.g., interline, progressive scan unit With a vertical 
over?oW drain structure. 

In the digital camera according to this embodiment, the 
operation sWitch system 113 includes a mode select sWitch 
113A used to sWitch betWeen a normal mode and a stereo 
mode. Furthermore, the system controller 112 functionally 
includes an image frame setting unit 112A for setting a 
trimming region of an imaging area, an SPM composition 
unit 112B for compositing monocular images to obtain an 
SPM image, and an SGM (StereoGram in Multimedia) 
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8 
generation unit 112C for generating JPEG image data on the 
basis of the SPM image. The system controller 112 normally 
comprises a CPU, RAM, and ROM, and these image frame 
setting units 112A and 112B, and SGM generation unit 112C 
are implemented by a program stored in the ROM in 
practice. 

To the digital camera according to the embodiment of the 
present invention, a mirror type stereo adapter 200 is detach 
ably attached to the lens barrel of a camera main body 100, 
as shoWn in FIG. 3. In this adapter 200, mirrors 201 and 202 
are arranged so that their optical aXes are separated by a 
predetermined distance, i.e., parallax, and mirrors 203 and 
204 for guiding light rays re?ected by these mirrors 201 and 
202 toWard the camera side are arranged. Light rays that 
become incident on the right mirror 201 of the adapter form 
an image on a left region L of the pickup unit 105 via the 
mirror 203 and imaging lens 101, and light rays that become 
incident on the left mirror 202 form an image on a right 
region R of the pickup unit 105 via the mirror 204 and 
imaging lens 101. Note that the parallaX in the above 
description corresponds to the distance betWeen the optical 
aXes of tWo imaging systems, and does not alWays match 
tWo eyes (eye distance) of a person. 

In a normal imaging mode, an image is sensed in the same 
manner as a normal camera (single-lens camera) Without 
attaching the adapter 200. Note that the normal and stereo 
modes are sWitched by the mode select sWitch 113A. Note 
that the mode may be automatically sWitched depending on 
Whether or not the mirror type stereo adapter 200 is attached. 

In the stereo mode, When the shutter is triggered While the 
stereo adapter 200 is attached, an image of an object is 
sensed in the same manner as in the normal camera. In the 
stereo mode, an image signal read out from all the regions 
of the imaging area of the CCD pickup unit 105 undergoes 
a trimming process. 
The image frame setting unit 112 included in the system 

controller 112 sets a trimming range of the imaging area of 
the CCD pickup unit 105, and an image read out from the 
imaging area of this CCD pickup unit 105 is trimmed by the 
digital process circuit 108. In the stereo mode, the imaging 
area of the pickup unit 105 is vertically divided into tWo 
regions, and an L image corresponding to the left half region 
and an R image corresponding to the right half region are 
picked up by trimming, as shoWn in FIG. 4. In the stereo 
mode, tWo images simply divided by trimming Will be 
referred to as 100% trimming images hereinafter. The 100% 
trimming images may be output as an image signal. 
HoWever, trimming With a pickup range Which is narroWed 
doWn to prevent images from overlapping or being darkened 
due to attachment of the stereo adapter 200 to the camera is 
eXecuted. In this embodiment, the Width and length of the 
trimming range are limited to 90%. Note that only the Width 
may be limited to 90%, but the length is also trimmed at the 
same ratio to adjust balance betWeen the length and Width. 
That is, in the stereo mode, ranges obtained by limiting the 
Widths and lengths of the right and left regions to 90% are 
assigned to R and L images. 
The SPM composition unit 112B included in the system 

controller 112 generates an SPM image from the R and L 
region images. That is, the R and L images obtained by 
trimming are composited, as shoWn in FIG. 5, to form a 
single SPM image in Which tWo, right and left images are 
arranged side by side Without any gap. At this time, a frame 
line (e.g., black de?ned by R=G=B=0) having a Width of one 
to several piXels is preferably formed in a boundary region 
or around the SPM image to visually identify the SPM 
image. 
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The SPM image is input to the SGM (StereoGram in 
Multimedia) generation unit 112C included in the system 
controller 112 to generate JPEG image data obtained by 
appending a header to stereo data. Upon recording or 
transmission, image data is preferably compressed. Upon 
compression, an arbitrary method may be used, but knoWn 
JPEG compression as a standard scheme is preferably used. 
When a JPEG stereo compressed image is generated, stereo 
information is recorded in predetermined tags contained in 
a user information ?eld of the header shoWn in FIG. 5. 
Information to be recorded includes: 

a: stereo or not (Y or N: “Y” in this example) 

b: the number of region images in stereo data (an integer 
equal to or larger than 2: “2” in this example) 

c: the layout of monocular region images (region infor 
mation including the numbers of pixels in the vertical and 
horiZontal directions) 

Note that the information indicating stereo or not means 
that a JPEG compressed image is a stereo image, and the 
number of images is 2 since an SPM is formed by tWo 
monocular images. Furthermore, regions right and left 
monocular images occupy in the SPM image are designated 
by tWo-dimensional coordinate (i.e., X-Y coordinate) 
addresses. For example, information indicating that an L 
monocular region image is a region designated by X-Y 
addresses (0, 0), (0, Y1), (X1, 0), and (X1, Y1), and an R 
monocular region image is a region designated by X-Y 
addresses (X1, 0), (X1, Y1), (X2, 0), and (X2, Y1) is 
described. 

With this header information, the photographing appara 
tus itself or another apparatus can separate and reproduce 
original monocular region images by reading the informa 
tion. For example, When images are picked up according to 
the number of images and layout information after the image 
is expanded, images can be observed in a layout suitable for 
observing a stereo image. Such SGM is an example of a 
structured stereo image obtained by storing all image data 
that form one stereo image and stereo data required in 
addition to the image data in one ?le. Since the structured 
stereo image is processed as one ?le When it is used in a 
versatile PC or is transmitted via the Internet, inadvertent 
recording, transmission, or erasure of only a partial image 
can be prevented. 

The generated SGM is recorded in the memory card 110 
via the card interface 109 by a recording circuit in the digital 
process circuit 108 in accordance With an instruction from 
the system controller 112. 

Note that the card that records the SGM is used after it is 
being inserted into a slot or the like of, e.g., a versatile PC. 
The camera main body also has input/output ports, Which 
can input/output the generated SGM via Wired or Wireless 
connection. Furthermore, the SGM can be input/output via 
the card (card interface). 
As described above, according to this embodiment, since 

the stereo adapter 200 is attached to the digital camera 100 
having the same arrangement as that of a normal single-lens 
digital camera, a plurality of monocular image frames are set 
on the imaging area of one pickup unit 105, and a stereo 
image is obtained based on a plurality of monocular images 
obtained from these frames, a plurality of pickup units are 
not required. For this reason, siZe and price reductions can 
be attained. When the image frames are appropriately set, 
problems such as overlap, darkened image portions, and the 
like unique to the adapter system can be solved. 

Note that the present invention is not limited to the 
aforementioned embodiment. For example, the present 
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invention may be implemented as an independent conver 
sion apparatus Which receives a plurality of independent R 
and L image ?les and generates an SGM by the same method 
as in the above embodiment (or executes reverse processes). 
In this Way, conventional stereo image data Which may be 
inadvertently erased can be directly converted into a struc 
tured stereo image free from such problem. By the reverse 
process, system compatibility can be assured. For example, 
tWo TIF images may be prepared and may be converted into 
one ?le structure by this conversion apparatus, as shoWn in 
FIG. 5, or vice versa. 

In the above embodiment, an SPM, SGM, and the like are 
still images. HoWever, the present invention is not limited to 
still images, and can be similarly applied to, e.g., moving 
images. That is, since the Way the SPM is composited, and 
stereo data to be appended upon generating the SGM 
involve only elements independent from still or moving 
images, the conventional moving image capture technique is 
directly used, and MPEG as one of representative moving 
image compression formats is used in place of JPEG, thus 
practicing the present invention in the same manner as in the 
above embodiment to obtain the same effect. 

Since the above embodiment has exempli?ed stereo imag 
ing using a mirror adapter, a binocular three-dimensional 
image is obtained by setting tWo image frames on the 
imaging area. Also, the technique of the present invention 
can be applied to an arbitrary multocular three-dimensional 
image (i.e., trinocular or more images). For example, an 
n-ocular three-dimensional image (n=3 or more), Which is 
used in a knoWn lenticular system (a multi-projection system 
using a lenticular sheet print or lenticular screen or the like), 
may be sensed using n cameras, these n monocular images 
may be laid out side by side to be composited into a single 
image as in an SPM, and corresponding stereo data may be 
appended to generate an SGM in the same manner as in the 
above embodiment. In this case, n is recorded as the number 
of images of stereo data. 

Furthermore, the stereo adapter is not limited to the 
above-mentioned mirror type adapter. For example, a prism 
type stereo adapter using prisms, a hybrid type adapter that 
combines mirrors and prisms, and the like may be used as 
long as they can obtain the same effect. 

In either a binocular image or other multocular image, the 
construction of an image data portion of the SGM is not 
limited to a format “a single image obtained by arranging a 
plurality of monocular region images side by side”, but may 
be image data formed by a plurality of pages each having a 
monocular image. Even in such case, since all image data 
corresponding to one three-dimensional image and stereo 
data appended thereto are combined into one ?le, the basic 
effect of the present invention can be obtained. 

Additional advantages and modi?cations Will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the speci?c details and 
representative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit and scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 
What is claimed is: 
1. Adata structure of a multocular digital stereo image ?le 

Which is formed by a plurality of monocular images of 
different vieWpoints, and is recorded as digital data on a 
computer-readable medium so as to be readable by a 
computer, 

Wherein all image data including all pieces of image 
information of the plurality of monocular images, and 



US 6,944,328 B2 
11 

stereo data as information Which pertains to a construc 
tion as a stereo image except for the image information 
are inseparably arranged in construction units of a 
single ?le; 

Wherein all the image data form parallel layout type stereo 
image data obtained by arranging the respective pieces 
of image information of the plurality of monocular 
images at different positional regions on one tWo 
dimensional image; and 

Wherein the parallel layout type stereo image data is 
obtained by forming a predetermined frame line on 
boundary regions of the plurality of monocular images 
to form predetermined frame line regions Which cor 
respond to outer frames Wherein the plurality of 
monocular images are formed such that less than all of 
each of these images remains thereby eliminating a 
darkened or overlapping portion of the images to form 
a frame line having a Width of one to several piXels in 
a boundary region or around the stereo image to 
visually identify the stereo image. 

2. A data structure of an image ?le according to claim 1, 
Wherein the stereo data contains identi?cation information 
indicating Whether or not the image ?le is a stereo image ?le, 
information used to reproduce the respective monocular 
images from all the pieces of image information, and infor 
mation associated With a layout of the monocular images. 

3. A data structure of an image ?le according to claim 1, 
Wherein the stereo data is described in a header ?eld of the 
image ?le. 

4. A data structure of an image ?le according to claim 1, 
Wherein the monocular images include tWo, right and left 
images corresponding to binocular vieW of right and left 
eyes, and the parallel layout type stereo image data is a 
stereo image pair (SPM) in Which the right and left images 
are arranged at one of right and left positions and the other 
of the right and left positions. 

5. A recording medium that stores a digital stereo image 
?le having a data structure cited in claim 1 so as to be 
readable by a computer. 

6. A method of generating a multocular digital stereo 
image ?le Which is formed by a plurality of monocular 
images of different vieWpoints, and is recorded as digital 
data, comprising: 

an image data generation step of generating all image data 
containing all pieces of image information of the plu 
rality of monocular images; 

a stereo data generation step of generating stereo data as 
information Which pertains to a construction of a stereo 
image eXcept for the image information; and 

an image ?le generation step of generating a single digital 
image ?le by combining all the image data and the 
stereo data as the digital stereo image ?le, 

Wherein all the image data form parallel layout type stereo 
image data obtained by arranging the respective pieces 
of image information of the plurality of monocular 
images at different positional regions on one tWo 
dimensional image; and 

Wherein the parallel layout type stereo image data is 
obtained by forming a predetermined frame line on 
boundary regions of the plurality of monocular images 
to form predetermined frame line regions Which cor 
respond to outer frames Wherein the plurality of 
monocular images are formed such that less than all of 
each of these images remains thereby eliminating a 
darkened or overlapping portion of the images to form 
a frame line having a Width of one to several piXels in 
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a boundary region or around the stereo image to 
visually identify the stereo image. 

7. A generation method of an image ?le according to 
claim 6, Wherein the stereo data contains identi?cation 
information indicating Whether or not the image ?le is a 
stereo image ?le, information used to reproduce the respec 
tive monocular images from all the pieces of image 
information, and information associated With a layout of the 
monocular images. 

8. A generation method of an image ?le according to 
claim 6, Wherein the stereo data is described in a header ?eld 
of the image ?le. 

9. A generation method of an image ?le according to 
claim 6, Wherein the monocular images include tWo, right 
and left images corresponding to binocular vieW of right and 
left eyes, and the parallel layout type stereo image data is a 
stereo image pair (SPM) in Which the right and left images 
are arranged at one of right and left positions and the other 
of the right and left position. 

10. An apparatus for generating a multocular digital stereo 
image ?le Which is formed by a plurality of monocular 
images of different vieWpoints, and is recorded as digital 
data, comprising: 

image data generation means for generating all image data 
containing all pieces of image information of the plu 
rality of monocular images; 

stereo data generation means for generating stereo data as 
information Which pertains to a construction of a stereo 

image except for the image information; and 
image ?le generation means for generating a single digital 

image ?le by combining all the image data and the 
stereo data as the digital stereo image ?le, 

Wherein all the image data form parallel layout type stereo 
image date obtained by arranging the respective pieces 
of image information of the plurality of monocular 
images at different positional regions on one tWo 
dimensional image; and 

Wherein the parallel layout type stereo image data is 
obtained by forming a predetermined frame line on 
boundary regions of the plurality of monocular images 
to form predetermined frame line regions Which cor 
respond to outer frames Wherein the plurality of 
monocular images are formed such that less than all of 
each of these images remains thereby eliminating a 
darkened or overlapping portion of the images to form 
a frame line having a Width of one to several piXels in 
a boundary region or around the stereo image to 
visually identify the stereo image. 

11. A generation apparatus for an image ?le according to 
claim 10, Wherein the stereo data contains identi?cation 
information indicating Whether or not the image ?le is a 
stereo image ?le, information used to reproduce the respec 
tive monocular images from all the pieces of image 
information, and information associated With a layout of the 
monocular images. 

12. A generation apparatus for an image ?le according to 
claim 10, Wherein the stereo data is described in a header 
?eld of the image ?le. 

13. A generation apparatus for an image ?le according to 
claim 10, Wherein the monocular images include tWo, right 
and left images corresponding to binocular vieW of right and 
left eyes, and the parallel layout type stereo image data is a 
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stereo image pair (SPM) in Which the right and left images 
are arranged at one of right and left positions and the other 
of the right and left positions. 

14. An imaging apparatus comprising: 
a stereo imaging optical system for receiving light rays 
coming from an object at different positions corre 
sponding to parallax, and guiding the received light 
rays toWard different regions of a pickup unit; 

imaging means for obtaining an object image signal on 
the basis of the output from the pickup unit; 

image frame setting means for setting a plurality of 
monocular image frames corresponding to a plurality of 
monocular images as building components of one mul 
tocular stereo image in an imaging area of the pickup 
unit by executing a predetermined trimming process of 
the object image signal; and 

stereo image generation means for generating a multocu 
lar stereo image having a predetermined data structure 
on the basis of a plurality of monocular images 
obtained in correspondence With the plurality of 
monocular image frames, 

Wherein the multocular stereo image generated by said 
stereo image generation means has: 

a data structure of a multocular digital stereo image ?le, 
Which is formed by a plurality of monocular images of 
different vieWpoints, and is recorded as digital data, and 

in Which all image data including all pieces of image 
information of the plurality of monocular images, and 
stereo data as information Which pertains to a construc 
tion as a stereo image except for the image information 
are inseparably arranged in construction units of a 
single ?le Wherein the plurality of monocular images 
are formed such that less than all of each of these 
images remains thereby eliminating a darkened or 
overlapping portion of the images to form a frame line 
having a Width of one to several pixels in a boundary 
region or around the stereo image to visually identify 
the stereo image. 

15. An imaging apparatus according to claim 14, Wherein 
the trimming process executed by said imaging frame setting 
means is done at identical vertical and horiZontal trimming 
ratios With reference to 100% trimming as a trimming state 
When the plurality of monocular image frames occupy a 
maximum region. 

16. An imaging apparatus according to claim 14, Wherein 
said stereo imaging optical system is prepared by attaching, 
before a single lens imaging optical system, a stereo adapter 
as an optical system for splitting a single ?eld of vieW of the 
imaging optical system into a plurality of ?eld of vieW 
having predetermined parallax. 

17. An imaging apparatus according to claim 14, Wherein 
said stereo imaging optical system is a binocular type stereo 
optical system having a pair of right and left optical axes. 

18. An image generation apparatus according to claim 14, 
Wherein the plurality of monocular images are input from 
independent image ?les. 

19. A recording medium Which computer readably stores 
a single image ?le having a data structure, Which comprises: 

one image data Which generates a single stereo image by 
?rst and second monocular images formed via ?rst and 
second optical axes having a span substantially corre 
sponding to parallax; and 

header information Which contains an item indicating that 
the ?rst and second monocular images are contained in 
said image data, an item indicating that the ?rst and 
second monocular images belong to a single stereo 
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image, and an item associated With addresses of the ?rst 
and second monocular images, and is inseparable from 
the image data, 

Wherein the image data is obtained by forming predeter 
mined frame line regions on boundary regions of the 
?rst and second monocular images Which correspond to 
outer frames Wherein the ?rst and second monocular 
images are formed such that less than all of each of 
these images remains thereby eliminating a darkened or 
overlapping portion of the images to form a frame line 
having a Width of one to several pixels in boundary 
region or around the single stereo image to visually 
identify the single stereo image. 

20. A recording medium according to claim 19, Wherein 
the ?rst and second monocular images are tWo dimensional 
images Which are arranged side by side to form a single 
stereo image. 

21. A recording medium according to claim 19, Wherein 
the ?rst and second monocular images are trimmed to form 
a single stereo image. 

22. A recording medium according to claim 19, Wherein 
the ?rst and second monocular images are trimmed at 
identical trimming ratios to form a single stereo image. 

23. Amethod of generating three dimensional image data, 
comprising: 

an image data generation step of generating ?rst and 
second monocular images by forming an object image 
via ?rst and second optical axes substantially corre 
sponding to parallax, and generating one image data 
corresponding to a single stereo image on the basis of 
the ?rst and second monocular images; 

a header information generation step of generating header 
information Which contains an item indicating that the 
?rst and second monocular images are contained in said 
image data, an item indicating that the ?rst and second 
monocular images belong to a single stereo image, and 
an item associated With addresses of the ?rst and 
second monocular images; and 

a recording step of recording a single image ?le having a 
data structure that contains the image data and the 
header information Which is inseparable from the 
image data on a recording medium, 

Wherein the image data is obtained by forming predeter 
mined frame line regions on boundary regions of the 
?rst and second monocular images Which correspond to 
outer frames Wherein the ?rst and second monocular 
images are formed such that less than all of each of 
these images remains thereby eliminating a darkened or 
overlapping portion of the images to form a frame line 
having a Width of one to several pixels in a boundary 
region or around the single stereo image to visually 
identify the single stereo image. 

24. A method according to claim 23, Wherein the ?rst and 
second monocular images are tWo dimensional images 
Which are arranged side by side to form a single stereo 
image. 

25. A method according to claim 23, Wherein the ?rst and 
second monocular images are trimmed to form a single 
stereo image. 

26. A method according to claim 23, Wherein the ?rst and 
second monocular images are trimmed at identical trimming 
ratios to form a single stereo image. 
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27. An apparatus for generating a three-dimensional 
image or stereograph having one ?le structure, and record 
ing the three dimensional image on a recording medium, 
comprising: 

image data generation means for generating ?rst and 
second monocular images by forming an object image 
via ?rst and second optical aXes substantially corre 
sponding to parallax, and generating one image data 
corresponding to a single stereo image on the basis of 
the ?rst and second monocular images; 

header information generation means for generating 
header information Which contains an item indicating 
that the ?rst and second monocular images are con 
tained in said image data, an item indicating that the 
?rst and second monocular images belong to a single 
stereo image, and an item associated With addresses of 
the ?rst and second monocular images; and 

recording means for recording a single image ?le having 
a data structure that contains the image data and the 
header information Which is inseparable from the 
image data on a recording medium, 

Wherein the image data is obtained by forming predeter 
mined frame line regions on boundary regions of the 
?rst and second monocular images Which correspond to 
outer frames Wherein the ?rst and second monocular 
images are formed such that less than all of each of 
these images remains thereby eliminating a darkened or 
overlapping portion of the images to form a frame line 
having a Width of one to several piXels in a boundary 
region or around the single stereo image to visually 
identify the single stereo image. 

28. An apparatus according to claim 27, Wherein the ?rst 
and second monocular images are tWo-dimensional images 
Which are arranged side by side to form a single stereo 
image. 

29. An apparatus according to claim 27, Wherein the ?rst 
and second monocular images are trimmed to form a single 
stereo image. 

30. An apparatus according to claim 27, Wherein the ?rst 
and second monocular images are trimmed at identical 
trimming ratios to form a single stereo image. 

31. A stereo digital camera for generating a three dimen 
sional image or stereograph having one ?le structure, and 
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recording the three dimensional image on a recording 
medium, comprising: 

an optical system Which has right and left optical aXes 
substantially corresponding to parallax, and forms 
object images; 

a single pickup unit for generating one image data cor 
responding to a single stereo image on the basis of right 
and left monocular images formed thereon via said 
optical system; 

header information generation means for generating 
header information Which contains an item indicating 
that the ?rst and second monocular images are con 
tained in said image data, an item indicating that the 
?rst and second monocular images belong to a single 
stereo image, and an item associated With addresses of 
the ?rst and second monocular images; and 

recording means for recording a single image ?le having 
a data structure that contains the image data and the 
header information Which is inseparable from the 
image data on a recording medium, 

Wherein the image data is obtained by forming predeter 
mined frame line regions on boundary regions of the 
?rst and second monocular images Which correspond to 
outer frames Wherein the ?rst and second monocular 
images are formed such that less than all of each of 
these images remains thereby eliminating a darkened or 
overlapping portion of the images to form a frame line 
having a Width of one to several piXels in a boundary 
region or around the single stereo image to visually 
identify the single stereo image. 

32. Astereo digital camera according to claim 31, Wherein 
the ?rst and second monocular images are tWo dimensional 
images Which are arranged side by side to form a single 
stereo image. 

33. Astereo digital camera according to claim 31, Wherein 
the ?rst and second monocular images are trimmed to form 
a single stereo image. 

34. Astereo digital camera according to claim 31, Wherein 
the ?rst and second monocular images are trimmed at 
identical trimming ratios to form a single stereo image. 

* * * * * 


